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Therapeutic Benzamide Derivatives 

The invention relates to therapeutic benzamide derivatives, their use in inhibiting 
hepatic production of apoprotein B-100 (apoB-100) and intestinal production of 
chylomicrons or apoprotein B-48 (apoB-48) and MTP, and intermediates useful in the 
production of such derivatives. 

» 

ApoB-100 is the main protein component of low density lipoprotein-cholesterol (LDL-c). 
High LDL-c plasmatic levels are a major risk factor for atherosclerosis and coronary 
artery diseases. ApoB-48 is the main protein component of chylomicrons. 

» 

The .microsomal triglyceride transfer protein (MTP) catalyses the transfer of 
triglycerides, cholesteryl esters and phosphatidylcholine between small unilamellar 
vesicles. MTP is expressed iri liver and intestine, both organs which produce 
lipoproteins. MTP is able to lipidate neosynthesized apoB-100 within the liver, and 
neosynthesized apoB-48 within the intestine, therefore leading to the production of 
triglyceride-rich lipoparticles such as VLDL and chylomicrons respectively. Thus, MTP 
inhibitors have the potential to decrease LDL-c and triglyceride plasmatic levels, and 
also intestinal lipid absorption. MTP inhibitors may be used in the treatment of non- 
insulin dependent diabetes mellitus, coronary heart disease, pancreatitis, mixed 
dyslipidemia, hypercholesterolemia, hypertriglyceridemia, hyperlipemia, post-prandial 
hyperlipemia, atherosclerosis and obesity. 

• ■ 

Compounds having apoB-100 and MTP inhibition properties have been described in 
WO96/40640. International Patent Application no. PCT/EP99/09320 describes 
therapeutic . benzamide compounds for the treatment of conditions resulting from 
elevated circulating levels of apoB-100. 

Surprisingly, it has been found that compounds according to the present invention, 
generically disclosed in PCT/EP99/09320, and having a specific substitution pattern, 
exhibit improved properties over those compounds specifically disclosed in 
PCT/EP99/09320. 



Thus, the present invention provides a compound of formula (I); 
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(I) 



wherein 



R 1 represents isopropyl or trifluoromethyl, 

5 

R 2 represents isopropyl, chloro, fluoro or trifluoromethyl, 
■ • R represents C^alkyl, C 2 -6alkenyl, C 3 .7cycioalkyl t C^alkylsulfonyl, C^acyl or -CH 2 -R ; 

10 R 4 represents: 

(i) phenyl, optionally substituted by cyano, fluoro or an optionally substituted 5- 
membered heteroaromatic group, where optional substitution is effected by 
4 alkyl or C^perfluoroalkyl, 

(ii) a 5- or 6- membered heteroaromatic group, optionally substituted by halogen, 
1 5 cyano, C^alkyl, C^alkoxy or C 3 . 7 cycloalkyl, 

(iii) C3-7cycloaIkyl, 

m 

(iv) cyano, 

* . - * 

(v) hydroxycarbonyl, C^alkoxycarbonyl, aminocarbonyl, C^alkylaminocarbonyl, Ci. 
4 dialkylaminocarbonyl, 

20 (vi) C^alkoxyCi^alkyl, hydroxyCi^alkyl or 
(vii) trifluoromethylC^alkyl; 

or a physiologically acceptable salt, solvate or derivative thereof. 

25 Suitable physiologically acceptable salts of the compounds of general formula (I) 
include acid addition salts formed with pharmaceutically acceptable organic and 
inorganic acids for example, citrates, hydrochlorides, hydrobromides, or sulphates. 
Particularly preferred salts are citrates or hydrochloride salts. 
The solvates may, for example, be hydrates. 

30 
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References hereinafter to a compound according to the invention include both 
compounds of formula (I) and their physiologically acceptable salts together with 
physiologically acceptable solvates. 

Referring to the general formula (I), alkyl, alkylene and alkoxy include both straight and 
branched chain saturated hydrocarbon groups. Examples of alkyl groups include 
methyl arid ethyl groups, examples of alkylene groups include methylene and ethylene 
groups, whilst examples of alkoxy groups include methoxy and ethoxy groups. 

Referring to the general formula (I), reference to alkenyl includes both straight and 
branched chain saturated hydrocarbon groups containing one double bond, e.g. 3- 
methyl-but-2-ene arid propen-2-yl. 

Referring to the general formula (I), reference to a heteroaromatic group, unless 
otherwise defined, means any single aromatic ring containing at least one ring 
heterQatom independently selected from O, N and S. 

Referring to the general formula '(I), reference to a halogen group includes fluoro, 
chloro, bromo and iodo groups. 

■ 

R 1 is preferably isopropyl. 

1 4 * 

« 

R 2 is suitably isopropyl or trifluoromethyl. R 2 is prefeTably isopropyl. 

■ 

R 4 suitably represents: 

i) phenyl, optionally substituted by cyano, fluoro or an optionally substituted 5- 
membered heteroaromatic group, e.g. 3«methyl-[1 ,2,4]oxadiazol-5-yl, 

ii) a 5- or 6- membered heteroaromatic group, e.g. pyrrolyl, furanyl, pyridyl, thienyl, 
thiazolyl, pyrazolyl or imidazolyl, optionally substituted by halogen, e.g. fluoro or 
bromo, cyano or C^alkyl, e.g. methyl, 

Hi) C3_ 7 cycloalkyl, e.g. cyclopropyl 

iv) cyano, 

v) C^alkoxycarbonyl, e.g. ethoxycarbonyl, hydroxycarbonyl, aminocarbonyl, 

vi) C^alkoxymethyl, e.g. methoxy methyl, hydroxyC^alkyl, e.g. hydroxy methyl, or 

vii) trifluoromethylCi^alkyl, e.g. 1 ,1 ,1-trifluoroethyl; 
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Where R 4 represents an optionally substituted 5- or 6- membered heteroaromatic 
group, suitable optional substituents are selected from halogen, e.g. fluoro or bromo, 
cyano or C^alkyl, e.g. methyl. 

Where R 4 represents C^alkoxymethyl, this is suitably methoxymethyl. 

R 3 is suitably selected from Chalky! e.g. methyl , ethyl, isopropyl, propyl or isobutyl, C 2 . 
6 alkenyl e.g. prop-2-enyl, acetyl, methylsulfonyl or -CH 2 -R 4 wherein R 4 is suitably 
aminocarbonyl, cyano, ethoxycarbonyl, hydroxycarbonyl, C^alkoxymethyl e.g. 
methoxymethyl, trifluoromethylC M alkyl, e.g. 1,1,1-trifluoroethyl, C 3 . 7 cycloalkyl e.g. 
cyclopropyl, phenyl substituted by 3-fluoro, 3-cyano or 3-(3-methyl-[1,2,4]oxadiazol-5- 
yl), or a 5- or 6- membered heteroaromatic group, e.g. pyrrolyl, furanyl, pyridyl, thienyl, 
thiazolyl, pyrazolyl or imidazolyl, optionally substituted by bromo, methyl or cyano. 

R 3 is more suitably methyl, propyl, isopropyl, propen-2-yl, methoxyethyl, phenylmethyl 
substituted by 3-cyano or 3-(3-methyl-[1,2,4]oxadiazol-5-yl), or an optionally substituted 
pyrrolylmethyl, thienylmethyl or ■ furanylmethyl group, where optional substitution is 
effected by methyl or cyano. 

Alternatively, R 3 is more suitably methyl, propyl, isopropyl, isobutyl, propen-2-yl, 
methoxymethyl, hydroxyethyl, phenylmethyl substituted by 3-cyano or 3-(3-meihyl- 
[1,2,4]oxadiazol-5-yl), or an optionally substituted pyrrolylmethyl, thienylmethyl or 
furanylmethyl group, where optional substitution is effected by methyl or cyano. 

R 3 is preferably propyl, propen-2-yI, or phenylmethyl substituted by 3-cyano. 
Alternatively, R 3 is preferably propyl, isobutyl, propen-2-yl, furanylmethyl substituted by 
5-cyano, or phenylmethyl substituted by 3-cyano. Most preferably, R 3 is propyl or 
propen-2-yl. 

Particularly preferred compounds of the invention include those in which each variable 
in formula (I) is selected from the preferred groups for each variable. Even more 
preferable compounds of the invention include those where each variable in formula (I) 
is selected from the more preferred or most preferred groups for each variable. 

A suitable sub-group of a compound of formula (I) is represented by formula (la) 
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(la) 



wherein 

R 1 represents isopropyl or trifluoromethyl. 

R 3 represents C^alkyl, C 2 ^alkenyl t acetyl, methylsuifonyl or -CH 2 -R 4: 

R 4 represents aminocarbonyl, cyano, ethoxycarbonyl, hydroxycarbonyl, Cl 
4 alkoxymethyl, trifluoromethylC^alkyl, Cs-ycycloalkyl, phenyl substituted by 3-fluoro, 3- 
cyano or 3-(^methyl-[1,2,4]oxadiazol-5-yI), or a 5- or 6- membered heteroaromatic 
group, optionally substituted by bromo, methyl or cyano. 

> 

A further suitable sub-group of a compound of formula (I) is represented by formula (lb) 

« 




wherein 

* 

» 

* 

R 3 represents C^alkyl ,C 2 ^alkenyl or -CH 2 -R 4 ; and 

R 4 represents phenyl substituted by 3-cyano or 3-{3-methyK1i2,4]oxadiazol-5-yl), or a 
5- membered heteroaromatic goup. selected from pyrrolyl, thienyl, furanyl, thiazolyl and 
pyrazolyl, optionally substituted by halogen or methyl. 

Alternatively, R 4 represents phenyl substituted by 3-cyano or 3-(3-methyl- 
[1,2,4]oxadiazol-5-yl), or a 5- membered heteroaromatic goup selected from pyrrolyl, 
thienyl, furanyl, thiazolyl and pyrazolyl, optionally substituted by halogen, methyl or 
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cyano; 

or a physiologically acceptable salt, solvate or derivative thereof. 

It will be clear that references herein to a compound of formula (I) apply equally to a 
compound of formula (la) or (lb). 

r 

Suitable compounds according to the invention include: 

4',6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-carbamoylmethyl-piperazin-1-yl)- 
phenyl] amide; 

6HSopropyl-4'-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-carbamoylmethyl- 
piperazin-1-yl)-phenyl] amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(1 H-pyrrol-2-ylmethyl)piperazin-1-yl)- 
phenyl]-amide; 

e-isopropyl^^trifluoromethyl-biphenyl^-carboxylic acid [4-(4-(1 H-pyrrol-2- 
ylmethyl)piperazin-1 -yl)-phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(3-(3-methyl-[1 ,2,4]oxadiazol-5-yl)- 
benzy))-piperazin-1-yl)-phenyl]-amide; 

e-isopropyW-trifluoromethyl-biphenyl^carboxylic acid [4-(4-(3-(3-methyl- 
[1 ,2,4]oxadiazol-5-yl)-benzyl)-piperazin-1 -yl)-phenyl]-amide; 
4',6-diisbpropyl-biphenyl-2-carboxylic acid [4-(4-((thien-2-yl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

4',6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((furan-2-yl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((thiazol-2-yl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((5-bromo-furan-2-yl)methyl)-piperazin- 
1-yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylicacid [4-(4-((5-bromo-thien-2-yl)methyl)-piperazin- 
1-yl)phenyl]-amide; 

4\6-diisopropyI-biphenyl-2-carboxylic acid [4-(4-((2-methyl-thiazol-4-yl)methyl)- 
piperazin-1 -yl)phenyl]-amide; 

6-lsopropyl-4'-trifluoromethyl-biphenyl-2-carboxylic acid {4-[4-(5-cyano-furan-2- 
ylmethyl)-piperazin-1-yl]-phenyl}-amide 



I 
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■ 
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6-lsopropyl-4'-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-allyl-piperazin-1 -yl)- 
phenyl]-amide 

4 , ,6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((pyrazol-3-yl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

5 4 , ,6-diisopropyl-biphenyl-2-carboxylicacid [4-(4-((thien-3-yl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

4' f 6-diisopropyl-biphenyl-2-carboxylicacid [4-(4-((3-methyl-pyrrol-2-yl)methyl)-piperazin- 
1-yl)phenyl]-amide; 

4\6Kiiisopropyl-biphenyl-2-carboxylic acid [4-(4-propyl-piperazin-1 -yl)-phenyl]-amide; 
1 0 4',6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-methy!"piperazin-1-yl)-phenyl]-amide; 
4\6-dusopropyl-biphenyI-2-carboxylic acid [4-(4-(cyano-methyl)-piperazin-1 -yl)-phenyi]- 
amide; , 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((pyridin-2-yl)-methyl)-piperazin-1-yl)- 
phenyl]-amide; 

1 5 4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((pyridin-3-yl)-methyl)-piperazin-1-yl)- 
phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-c^rboxylicacid.[4-(4-((pyridin-4-yl)-methyl)-piperazin 
phenyl]-amide; 

4 , ,6-diisopropyl-blphenyl-2-carboxylic acid [4-(4-(3-fluorobenzyl)-piperazin-1-yl)-phenyl]- 
20 amide; 

4 , l 6-dttsopropyl-biphenyl-2-carboxyNcacid [4-(4-(3-cyano-benzyl)-piperazin-1-yl)- 
phenyl]-amide; 

6-isopropyW-trifluoromethyl-biphenyl-2-carboxylicacid [4-(4-(3^cyano-benzyl)- ~ : 
piperazin-1-yl)-phenyl]-amide; 
25 S-fluorp^'-isopropyl-biphenyl^carboxylic acid [4-(4-(3-cyano-benzyl)-piperazin-1-yl)- 
phenylj-amide; 

6-fluoro-4-trifiuoromethyl-biphenyl-2-carboxylic acid [4-(4-(3-cyano-benzyl)-piperazin-1 - 
yl)-phenyl]-amide; 

6-chloro-4-isopropyl-biphenyl-2-carboxylic acid [4-(4-(3-cyano-benzyl)-piperazirv1 -yl)- 
30 phenyl]-amide; 

4 , -isopropyl-6-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-(3-cyano-benzyl)- 

piperazin-1 -yl)-phenyl]-amide; 

4',6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-isopropyl-piperazin-1-yl)-phenyl]-amide; 
4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((5-cyano-furan-2-yl)methyl)-piperazin- 
35 1-yl)phenyl]-amide; 
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4',6-diisopropyl-bipheny)-2-carboxylicacid [4-(4-((1-methyl-pyrrol-2-yl)methyl)-piperazin- 
1-yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((ethoxycarbonyl)methyl)-pipera2in-1- 
yl)phenyl]-amide; 

4 , ,6-diisopropy!-biphenyl-2-carboxyIic acid [4-(4-((hydroxycarbonyI)methyl)-piperazin-1- 
yl)phenyl3-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(cyclohexyl)-piperazin-1-yl)phenyl]- 
amide; 

4\6-diisopropyl-biphenyl-2-carboxylicacid [4-(4^((cyclopropyl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(3-methyl-but-2-enyl)-piperazin-1- 
yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(acetyl)-piperazin-1-yl)phenyl]«amide; 
4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(methanesuIfonyl)-piperazin-1- 
yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(propen-2-yl)-piperazin-1-yl)phenyl]- 
amide; 

4 , ,6-diisopropyl-biphenyl"2-carboxylic acid [4-(4-(2-methoxyethyl)-piperazin-1 - 
yl)phenyl]-amide; ■ *- 

4 , ,6-diisopropyl-biphenyl-2-carboxylicacid [4-(4-(3,3,3-trifluoro-propyl)-piperazin-1- 
yl)phenyl]-amide; 

4\6-diisopropyl-biphenyI-2-carboxylic acid [4-(4-(2-hydroxyethyl)-piperazin-1-yl)phenyl]- 
amide; ■. 

4 , t 6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((2-methyl)propyl)-piperazin-1- 
yl)phenyl]-amide; 

S-isopropyl^^trifluoromethyl-biphenyl^-carboxylic acid [4-(4-methyl-piperazin-1-yl)- 
phenyl]-amide; 

e-isopropyl^'-trifluoromethyl-biphenyl^-carboxylic acid [4-(4-propyl-piperazin-1 -yl)- 
phenyl]-amide; 

e-lsopropyl^'-trifluoromethyl-biphenyl^-carboxylic acid . [4-(4-ethyl-piperazin-1-yl)- 
phenyl]-amide; 

e-lsopropyM^trifluoromethyl-biphenyl^-carboxylic acid [4-(4-isopropyl-piperazin-1 -yl)- 
phenyl]-amide; 

e-lsopropyl^Mrifluoromethyl-biphenyl^-carboxylic acid {4-[4-(3,3,3-trifluoro-propyl)- 
piperazin-1-yl]-phenyl}-amide; 
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e-lsopropyM'-trifluoromethyl-biphenyl^-carboxylic acid [4-(4-aIlyl-piperazin-1-yl)- 
phenyl]-amide; 

6-lsopropyW-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-methanesulfonyl- 

piperazin-1 -yl)-phenyl]-amide; 
5 6-lsopropyl-4'-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-acetyl-piperazin-1-yl)- 

phenyl]-amide; 

e-lsopropyW-trifluoromethyl -biphenyl-2-carboxylic acid {4-[4-(5-cyano-furan-2- 
ylmethyl)-piperazin-1-yl]-phenyl}-amide; 

6-lsopropyl-4'-trifluoromethyl -biphenyl -2-carboxylic acid {4-[4-(5-cyano-1H-pyrrol-2- 
1 0 ylmethyl)-piperazin-1 -yl]-phenyl}-amide; 

6-lsopropyl-4'-trifluoromethyl -biphenyl -2-carboxylic acid {4-[4-(4-cyano-1H-pyrro)-2- 
ylmethyl)-piperazin-1-yl]-phenyl}-amide; 

4\6-Diisopropyl-biphenyI-2-carboxylic acid {4-[4-(5-cyano-1 H-pyrrol-2-ylmethyl)- 

piperazin-1 -yl]-phenyl}-amide; 
1 5 4\6-Diisopropyl-biphenyl-2-carboxylic acid {4-[4-(4-cyano-1 H-pyrrol-2-ylmethyl)- 

piperazin-1-yl]-phenyl}-amide; 

4\6-Diisopropyl-biphenyl-2-carboxylic acid [4-(4-ethyl-piperazin-1-yl)-phenyl]-amide; 
or a physiologically acceptable salt, solvate or derivative thereof. 

20 Preferred compounds of the invention include: 

4 , -iso|ifopyl-6-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-(3-cyano-benzyl)- 

piperazin-1 -yl)-phenyl]-amide; - 

e-isopropyW-trifluoromethyl-biphenyl^-carboxylic acid [4-(4-(3-cyano-benzyl)~ 

► 

piperazin-1-yl)-phenyl]-amide; 
25 e-lsopropyM'-trifluoromethyl-biphenyl^-carboxylic acid {4-[4-(5-cyano-furan-2- 

ylmethyl)-piperazin-1-yl]-phenyl}-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(3-cyano-benzyl)-piperazin-1-yl)- 
phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(1 H-pyrrol-2-ylmethyl)piperazin-1-yl)- 

30 phenyl ]-amid"e; 

4\6-diisopropyl-biphenyl-2-carboxylicacid [4-(4-((thien-3-yl)methyl>piperazin-1- - 

yl)phenyl]-amide; 

4 , ,6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((furan-2-yl)methyl)-piperazin-1 - 
yl)phenyl]-amide; 
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4\6-diisopropyl-biphenyl-2-carboxylic acid [4>(4-((5-cyano-furan-2-yl)methyl)-piperazin- 
1-yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-methyl-piperazin-1 -yl)-phenyl]- 
amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-propyl-piperazin-1-yI)-phenyl]-amide; 
4\6-diisopropyI-biphenyl-2-carboxylic acid [4-(4-isopropyl-piperazin-1-yl)-phenyl]-amide; 
4\6-Diisopropyl-biphenyl-2-carboxylic acid [4-(4-isobutyl-piperazin-1 -yl)-phenyl]-amide; 
4',6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(propen-2-yl)-piperazin-1-yl)-phenyl]- 

amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(2-methoxyethyl)-piperazin-1 -yl)- 
phenyl]-amide; 

4\6-Diisopropyl-biphenyl-2-carboxylic acid {4-[4-(2-hydroxyethyl)-piperazin-1 -yl]- 
phenyl}-amide; 

or a physiologically acceptable salt, solvate or derivative thereof. 

The term "physiologically functional derivative" as used herein refers to any 
physiologically acceptable derivative of a compound of the present invention, for 
example, an ester or amide, which upon administration to a mammal, such as a human, 
is capable of providing (directly or indirectly) such a compound or an active metabolite 
thereof. Such derivatives are clear to those skilled in the art, without undue 
experimentation, and with reference to the teaching of Burger's Medicinal Chemistry 
And Drug Discovery, 5th Edition, Vol 1: Principles And Practice, which is incorporated 
herein by reference. . 

The compounds of the invention are inhibitors of hepatic production of apoB-100 and 
MTP and are thus of use in the treatment of conditions ameliorated by an apoB-100 
and /or MTP inhibitor. 

The ability of the compounds of this invention to inhibit human MTP activity is measured 
by an in vitro assay where MTP transfers 3H-triolein between phosphatidylcholine 
liposomes. The specificity of the compounds of the invention is established by 
comparing the effects on apoB-100 and apoprotein A-1 production. A specificity of at 
least 100 is preferred. 
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The ia vivo p rofile of the compounds is determined by acute oral administration of the 
compounds of the invention to DBA/2 mice and Wistar rats. Potency of the active 
compounds is evaluated by measuring plasmatic lipids (total cholesterol, triglyceride, 
LDL cholesterol and HDL cholesterol) and apoproteins (apoB-100, apoB-48 and apoA- 

1). 

The compounds of the invention are potent and specific inhibitors of hepatic production 
of apoB-100 and MTP. which furthermore exhibit good oral bioavailability and duration 
of action. 

Furthermore, the compounds of the present invention exhibit significant oral activity 
compared with compounds of the prior art. They also possess favourable 
pharmacokinetic profiles compared with compounds of the prior art. 

Compounds of the invention are of use in the treatment of atherosclerosis, pancreatitis, 
non-insulin dependent diabetes mellitus (NIDDM), coronary heart diseases and obesity. 

Compounds of the invention are aiso useful in lowering serum lipid levels, cholesterol 
and/or triglycerides, arid are of use in the treatment of hyperlipemia, hyperlipidemia, 
post-prandial hyperlipemia, mixed dislipidemia, hyperlipoproteinemia, 
hypercholesterolemia and/or hypertriglyceridemia. - 

The invention therefore provides a compound of formula (I) - or a physiologically 
acceptable salt, solvate or derivative thereof for use in therapy, in particular in human 
medicine. • 

■ 

There is also provided as a further aspect of the invention the use of a compound of 
formula (I) or a physiologically acceptable salt, solvate or derivative thereof in the 
preparation of a medicament for use in the treatment of conditions ameliorated by an 
apoB-100 and / or MTP inhibitor. 

» 

In an alternative or further aspect, there is provided a method for the treatment of a 
mammal, including man, comprising administration of an effective amount of a 
compound of formula (I) or a physiologically acceptable salt, solvate or derivative 
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thereof in particular in the treatment of conditions ameliorated by an apoB-100 and / or 
MTP inhibitor. 

It will be appreciated that reference to treatment is intended to include prophylaxis as 
well as the alleviation of established symptoms. Compounds of formula (I) may be 
administered as the raw chemical but the active ingredient is preferably presented as a 
pharmaceutical formulation. 

Accordingly, the invention also provides a pharmaceutical composition which comprises 
at least one compound of formula (I) or a physiologically acceptable salt, solvate or 
derivative thereof and formulated for administration by any convenient route. Such 
compositions are preferably in a form adapted for use in medicine, in particular human 
medicine, and can conveniently be formulated in a conventional manner using one or 
more pharmaceutical^ acceptable carriers or excipients. 

Thus compounds of formula (I) may be formulated for oral, buccal, parenteral, 
transdermal, topical (including ophthalmic and nasal), depot or rectal administration or 
in a form suitable for administration by inhalation or insufflation (either through the 
mouth or nose). 

The compounds of formula (I) may, if desired, be administered with one or more 
therapeutic agents and formulated for administration by any convenient route in a 
conventional manner. Appropriate doses will be readily appreciated by those skilled in 
the art. For example, the compounds of formula (I) may be administered in 
combination with an HMG CoA reductase inhibitor. 

A compound of formula (I), or a physiologically acceptable salt, solvate or derivative 
thereof, may be prepared by the general methods outlined hereafter. In the following 
description, the groups R 1 , R 2 and R 3 are as previously defined for compounds of 
formula (I), unless specified otherwise. 

According to a general process (A), a compound of formula (I) may be prepared by 

3 

reacting a compound of formula (II) with a compound of formula R -L 
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where L represents a suitable halide leaving group, e.g. chloride, under standard 
displacement conditions or L may additonally represent a hydroxy group, the reaction 
5 being effected under standard acid and amine coupling conditions. 

« 

A compound of formula (II) may be prepared by reaction of a compound of formula (III) 

» 

with a compound of formula (IV) 




where U is a suitable leaving group, such as chloride, or an OH group and P is a 
suitable amine protecting group, e.g. tert-butoxycarbonyl (Boc), under standard 
coupling conditions for an acid and amine coupling, followed by deprotection of the 
1 5 protecting group under. suitable-conditions^e.g. acidic removal of a Boc group. 

An intermediate of formula (III), wherein L' is OH, R 1 is isopropyl or trifluoromethyl and 
R 2 is chloro, fluoro, isopropyl or trifluoromethyl, is new and represents a further aspect 
of the present invention. An intermediate of formula (III) wherein L" is OH, R 1 is 
20 isopropyl or trifluoromethyl and R 2 is isopropyl or trifluoromethyl is preferred. An 
intermediate of formula (III) where L' is OH and R 1 =R 2 =isopropyl is a particularly 
preferred further aspect of the present invention. 

A compound of formula (IV) may be prepared by the two step reaction of a compound 
25 of formula (V) 
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0 2 N 




N-H 



comprising incorporation of the protecting group P using standard methodology 
followed by reduction of the nitro group, e.g. under hydrogenation conditions. 

■ 

According to a second method (B), compounds of formula (I) may be prepared by 
reaction of compounds of formula (III) and compounds of formula (VI) 



where L is defined above, under standard coupling conditions. 

Compounds of formula (VI) may be prepared by reaction of a compound of formula (V) 
with a compound of formula R 3 -L, where L is defined above, followed by reduction of 
the nitro group under hydrogenation or reductive tin chloride conditions. 



According to a third general process (C), a compound of formula (I), where there is an 
alkylene "link to the piperazine group, may be prepared by reacting a compound of 
formula (II) with a compound of formula (VII) 



where R 3 ' represents R 3 minus a methylene group, under standard reductive amination 
conditions, e.g. using sodium triacetoxyborohydride in a solvent such as 
dichloroethane. 

According to a fourth process (D), a compound of formula (I) may be prepared from a 
different compound of formula (I), using standard techniques well known in the art. For 




(VI) 




(VII) 
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example, compounds of formula (I) where R 3 comprises a group containing an amide 
group may be prepared from the compound of formula (I) where the corresponding 
position comprises a carboxylic acid group, which in turn may be prepared from the 
compound of formula (I) where the corresponding position comprises a carboxylic ester 
group. Well known methods in the art may be employed to facilitate the transformation 
of an ester to an acid ahd then to an amide. 

* 

A compound of formula (III), where L' is a hydroxy group, may be prepared firstly by 
coupling a boronic acid with a suitable leaving group, represented by a compound of 
formula (VIII) and a compound of formula (IX) 




where PG represents a protectee) carboxylic acid and A and D represent either the 
boronic acid or the suitable leaving group, such as triflate or bromide, followed by 
deprotection of the protecting group under standard conditions, such as base removal 
of an ester group. Where L represents a halide leaving group, the carboxylic acid 
product can be treated with a suitable reagent, such as thionyl chloride, to give the 
corresponding chloride leaving group. 

Where R 3 is a phenylmethyl, substituted by an optionally substituted 5-membered 
heteroaromatic group, the heteroaromatic group may be introduced by any well known 
methods in' the art. For instance, where the substituent is a methyl substituted 
oxadiazole,'this may be formed by treatment of a suitable benzamide derivative with a 
suitable reagent, such as dimethylacetamide dimethylacetal at elevated temperature, 
followed by cyclisation of the intermediate compound with hydroxylamine. 

The various general methods described above may be useful for the introduction of the 
desired groups at any stage in the stepwise formation of the required compound, and it 
will be appreciated that these general methods can be combined in different ways in 
such multi-stage processes. The sequence of the reactions in multi-stage processes 
should of course be chosen so that the reaction conditions used do not affect groups in 
the molecule which are desired in the final product. 
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Compounds of formula R 3 -L, (V), (VII), (VIII) and (IX). are known or may be prepared by 
standard methods well known in the art and/or herein described. 

Physiologically acceptable salts may also be prepared from other salts, including other 
physiologically acceptable salts, of the compound of formula (I) using conventional 
methods. 

The compounds of formula (I) may readily be isolated in association with solvent 
molecules by crystallisation from or evaporation of an appropriate solvent to give the 
corresponding solvates. 

When a specific enantiomer of a compound of general formula (I) is required, this may 
be obtained for example by resolution of a corresponding enantiomeric mixture of a 
compound of formula (I) using conventional methods. 

Thus, in one example an appropriate optically active acid may be used to form salts 
with the enantiomeric mixture of a compound of general formula (I). The resulting 
mixture of isomeric salts may be separated, for example, by fractional crystallisation 
into the diastereoisomeric salts from which the required enantiomer of a compound of 
general formula (I) may be isolated by conversion into the required free base. . 

Alternatively, enantiomers of a compound of general formula (I) may be synthesised 
from the appropriate optically active intermediates using any of the general processes 
described herein. 

The invention is further illustrated by the following intermediates and examples. All 

temperatures are in degrees centigrade. 

Abbreviations: 

AcOEt-Ethyl acetate 

BuLi - butyl lithium 

BINAP-2,2 , -bis(diphenylphosphino)-1,1 , -binaphthyl 
CH 2 CI 2 - dichloromethane 
CH 3 CN - acetonitrile 
DMSO - dimethylsulfoxide 
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EDCI-1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
EtOH- Ethanol 

> 

Et 3 N- Triethylamine 
Et 2 0 - diethyl ether 
5 HOBt-1 -Hydroxybenzotriazole 
LiCI - lithium chloride 
MS - LCMS mass spectrography 

MeOH - Methanol 

NaHC0 3 - sodium hydrogencarbonate- 
1 0 Na 2 C0 3 - sodium carbonate 

NiCI 2 (dppf) - nickel 1,1- bis(diphenylphosphino)ferrocene dichloride 

Na 2 S0 4 - sodium sulphate . . 

Pd(PPh 3 ) 4 - ;etrakis(triphenylphosphine)palladium(0) 

SnCI 2 .2H 2 0 - tin(ll) chloride dihyd'rate 
1 5 THF- Tetrahydrofuran 

Intermediate 1 

^ ^^^^^^^^^^^ 

4'-6-DiisoproDvl-biphenvl-2-carboxv'lic acid methyl ester 

To a stirred solution of 3-isopropyl-2-(trifluoro-methanesulfonyloxy)-benzoic acid methyl 
20 ester (2.3 g) in toluene (15 mL) was added LiCI (0.88 g) and Pd(PPh 3 ) 4 (0.4 g). After 10 
minutfc at room temperature, a 2lvJ solution of Na 2 C0 3 (7 mL) was added followed by 
4-isopropylphenyl boronic acid (1.43 g) in EtOH (10 mL). The resulting mixture was 
heated under reflux during 6 hours and ' then "cooled to room temperature. After, 
decantation, the organic phase was diluted , washed with, water, dried over Na 2 S0 4 , 
25 filtered and concentrated under reduced pressure to give the title compound as an oil 

(2.1 g). 

GC/MS : m/z 296 (M+) 

» 

Similarly prepared were : 

30 Intermediate 2 

6'lsopropyl-4'-trifluoromethvl>biphenvl-2-carboxvlic acid methvl ester as an oil which 

crystallised (2.25 g). 
GC/MS : m/z 322 (M+) 

from 3-isopropyl-2-(trifluoro-methanesulfonyloxy)-benzoic acid methyl ester (2.3 g) and 
35 4-trifluoromethylphenyl boronic acid (1 .59 g). 
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Intermediate 3 

6-Fluoro-4Msopropvl-biphenvl-2-carboxvlic acid methyl ester as an oil (1.7 g), 
GC/MS : m/z 272 (M+) 

from 3-fluoro-2-(trifluoro-methanesulfonyloxy)-benzoic acid methyl ester (2.08 g) and 4- 
isopropylphenyl boronic acid (1.27 g). 

» 

* 

Intermediate 4 

5- Fluoro^^trifluoromethvl-biphenvl^-carboxvlic acid methyl ester as an oil (1.9 g), 
GC/MS : m/z 298 (M+) 

from 3-fluoro-2-(trifluoro-methanesulfonyloxy)-benzoic acid methyl ester (2.08 g) and 4- 
trifluoromethylphenyl boronic acid (1.48 g). 

> 

Intermediate 5 

6- Chloro-4'-isopropyl-biphenvl-2-carboxvlic acid methyl ester as an dark oil (3 g), 
GC/MS : m/z 288 (M+) 

from 3-chloro-2-(trifluoro-methanesulfonyloxy)-benzoic acid methyl ester (3.5 g) and 4- 
isopropylphenyl boronic acid (2.28 g). 

Intermediate 6 

4 , -lsopropvl-6-trifluoromethvl-biphenvl>2-carboxvlic acid methyl ester 
To a mixture of NiCI 2 (dppf) (0.5 g) in dioxane (30 mL) was added dropwise BuLi 
(solution 2M in cydohexaneri^mL) and the mixture was stirred at room temperature 
during 10 minutes. Then were added 4-isopropylphenyl boronic acid (1.43 g), K3PO4 
(4.65 g) and 2-chloro-3-trifluoromethyl-benzoic acid methyl ester (1.7 g) and the mixture 
was heated under reflux overnight. The catalyst was filtered off and the filtrate 
concentrated under reduced pressure. The residue was treated with water, extracted 
with diethyl ether. The organic phase was washed with water, dried over Na 2 S0 4 and 
concentrated. After purification by flash chromatography eluting with 
cyclohexane/AcOEt (92/8), the title compound was obtained as an oil (0.37 g). 
GC/MS : m/z 322 (M+). 

Intermediate 7 

4 , -6-Diisopropyl-biphenvl-2-carboxvlic acid 
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To a stirred solution of 4'-6-diisopropyl-biphenyl-2-carboxylic acid methyl ester (2.07 g) 
in ethanol (10 mL) was added a 1N solution of NaOH (21 ml_) and the mixture was 
heated under reflux overnight. After concentration under reduced pressure, the residue 

■ 

was taken in water and the aquous phase was extracted with diethyl ether and then 
acidified with a 1N solution of HCI. The aqueous phase was extracted with diethyl ether 
and the resulting organic phase was dried over Na 2 S0 4 , filtered and concentrated under 
reduced pressure. After crystallization from MeOH/H 2 0. the title compound was 
obtained as white crystals (1.6 g). 
m.p. :123-125°C. 

Similarly, prepared were: 

Intermediate 8 , 

5- lsopropyl^'-trifluoromethvl-biphenvl^-carboxvlic acid as a white solid (1 .5 g), 
m.p. :178-180°C • 

from 6-isopropyl-4Mrifluoromethyl-biphenyI-2-carboxylic acid methyl ester (2.25 g). 
Intermediate 9 

6- Fluoro-4Visopropyl-biphenvl-2-carboxvlic acid as a white solid (1.6 g), 
m.p. : 125-1 27°G • 

from 6-fluoro-4'-isopropyl-biphenyl-2-carboxylic acid methyl ester (1.7 g). 

■ 

Intermediate 10 

6"FluorO"4 "trifluoromethvl'biphenvl-2>carboxvlic acid as a white solid (1 .5 g), 
m.p. :185-187°G 

from Q-fluoro-4'-trifluoromethyl-biphenyl-2-carboxylic acid methyl ester (1 .9 g). 

» 

4 

Intermediate 11 

e-Chloro^'-isopropyl-biphenvl-^-carboxvlic acid as a white solid (2.3 g), 
m.p. :106-108°C 

from 6<hloro-4-isopropyl-biphenyl-2-carboxylic acid methyl ester (3 g). 
Intermediate 12 

4 , -lsopropyl-6-trifluoromethvl-biphenvl-2-carboxvlic acid as a white solid (0.3 g), 
m.p. :111-113°C 

from 4 , HSopropyl-6-trifluoromethyl-biphenyl-2-carboxylic acid methyl ester (0.37 g). 
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Intermediate 13 

4-M4(4\6-DiisoproDVl-biphenvl-2-carbonvlVamino]-DhenvlVpip erazine-1"C^rboxvlic acid 
tert-butvl ester 

To a stirred solution of 4-(4-amino-phenyl)-piperazine-1-carboxylic acid tert-butyl ester 
(14 g), 4\6-diisopropyl-biphenyl-2-carboxylic acid (14.25 g), HOBt (7.5 g), .and Et 3 N 
(7.8 mL) in CH 2 CI 2 (200 mL) was added EDCI (10.6 g) and the mixture was stirred at 
room temperature for 16 hours. The organic solution was then washed with water, with 
a saturated solution of NaHC0 3 and dried over Na 2 S0 4 . After filtration and evaporation 
of the filtrate, the residue was purified by crystallization from diisopropyl ether to give 
the title compound (27 g) as a beige powder, 
m.p. : 158-160°C. 

Similarly prepared was : 
I ntermediate 14 

444>[(6>lsopropvl^ , 4rifluoromethvl-biphenvl-2-carbonvn-amin ol-phenvlVpiperazine-1- 
carboxvlic acid tert-butvl ester as a powder (1 .25 g), 
m.p. : 100°C 

from 6-isopropyl-4'-trifluoromethyl-biphenyl-2-carboxylic acid (1 g) and 4-(4-amino- 
phenyl)-piperazine-1-carboxylic acid tert-butyl ester (0.9 g). 

Intermediate 15 " ' 

4\6-Diisopropvl-biphenyl-2-carboxvlic acid (4-piperazin-1-vl- phenvl)-amide -.^ 
To a solution of 4-{4-[(4\6-diisopropyl-biphenyl-2-carbonyl)-amino]-pheny^piperazinef:. 
1-carboxylic acid tert-butyl ester (27 g) in CH 2 CI 2 (500 mL) was added trifluoroacetic 
acid (15.4 mL) and the solution was stirred at room temperature for 16 hours. The 
mixture was then evaporated under reduced pressure and the residue was basified with 
a saturated aqueous solution of NaHC0 3 and extracted with CH 2 CI 2 . The organic phase 
was then washed with water, dried over Na 2 S0 4 , filtered and evaporated to dryness. 
The solid obtained was recrystallized from CH 3 CN to give the title compound (22 g) as 
white crystals, 
m.p.: 178-180°C. 

Similarly prepared was : 
Intermediate 16 
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S-lsoproDVl^'-trifluoromethvl-biphenvl^-carboxvlic acid (4-piperazin -1 -vl-phenvh-amide 

as a white powder (1 g), 
m.p. : 203-205°C 
f rom 4^44(6-lsopropyl-4'-tri^ 
5 piperazine-1 -carboxylic acid tert-butyl ester (1 .25 g). 

Intermediate 17 

1-f3-Cvano-ben2vn-4-(4-nitrophenvlVpiperazine 

To a stirred solution of 1-(4-nitro-phenyI)-piperazine (35.9 g) and potassium carbonate 
10 (71.6 g) in acetone (500 mL) was added dropwise 3-cyano-benzyl bromide (34 g) at 
room temperature and the mixture was heated under reflux. After 4 hours, the salts 
were removed by filtration, washed with apetone and the filtrate was evaporated to 
dryness. The residue was taken in CH 2 CI 2 and the solution was washed with water, 
dried over Na 2 S0 4 , filtered and ' evaporated. The oily residue was crystallized from 

* 

1 5 AcOEt/diisopropyl ether to give the title compound (52 g) as orange crystals. 
m.p. :.120-122°C. 

» 

■ p 

Intermediate 18 ' 
4^4.(3-Cvano-benzvlVpiperazin-1-vl1-phenvlamine 

20 To a stirred solution of 1-(3-cyano-benzyl)-4-(4-nitro-phenyl)-piperazine (52 g) in EtOH 
(1.2 I*) and THF (300 mL) was added portionwise SnCI 2 .2H 2 0 (145.6 g) at room 
temperature and the mixture was heated at 55°C for 16 hours. After evaporation of the 
solvents, the residue was taken in water, basified-with NaOH at-pH 14 and extracted 
with CH 2 CI 2 . The organic layer was then washed with-water, dried over Na 2 S0 4 , filtered 

25 and evaporated. The residue was crystallized from diisopropyl ether to give the titte 
compound (40.5 g) as pale yellow crystals, 
m.p. : 99-101 °C. 

• » 

Intermediate 19 

30 4-(4-Nitro-phenvl>piperazine-1 -carboxvlic acid tert-butvl ester 

To a solution of 1-(4-nitro-phenyl)-piperazine (15.5 g) in CH 2 CI 2 (250 mL) was added 
Et 3 N (8.3 g). The solution was cooled to 0°C and di-tert-butyl dicarbonate (17.1 g) was 
added portionwise. After 16 hours at room temperature, the solution was washed with 
water, with a saturated solution of NaHC0 3 and brine. The organic phase was dried 

35 over Na 2 S0 4 , filtered and evaporated under reduced pressure and the resulting solid 
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was recrystallized from MeOH to give the title compound (21.5 g) as pale yellow 

* 

crystals. 

m.p: 149-151*0. 

Intermediate 20 

4- (4-Amino-phenv)Vpiperazine-1-carboxvlic acid tert-butvl ester 

A solution of 4-(4-nitro-phenyl)-piperazine-1-carboxylic acid tert-butyl ester (21.4 g) in 
EtOH (250 mL) containing Pd/C 10% (0.5 g) was hydrogenated at room temperature. 
After 16 hours, the catalyst was removed by filtration and the filtrate was evaporated 
under reduced pressure. The oily residue was then crystallized from cyclohexane to 
give the title compound (17.8 g) as pink crystals, 
m.p: 95-96°C. 

Example 1 

4\6-Diisopropyl-biDhenvl-2-carboxvlic acid r4-(4-(1 H-p vrrol-2-vlmethvnpiperazin-1-yl)- 
phenvlVamide 

To a solution of 4',6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)- 
amide (441 mg) in dichloromethane (20 mL) was added 1 H-pyrrole-2-carboxaldehyde 
(104 mg) and acetic acid (66 mg). The solution was cooled at 0°C and sodium 
triacetoxy borohydride (255 mg) was added portionwise and the mixture was stirred at 
room temperature for 16 hours. The solution was then washed with a saturated solution 
of NaHC0 3 , with brine, dried over Na 2 S0 4l filtered and evaporated under reduced 
pressure. The residue was purified by flash chromatography eluting with CH 2 CI 2 /MeOH 
(95/5) and crystallized from pentane to give the title compound (310 mg) as white 
crystals. 

m.p. : 158-160°C 

mass spec m/z : 521 (M+1 ).. 

Similarly prepared were : 
Example 2 

5- lsopropvl^'-trifluoromethvl-biphenvl^-carboxvlic acid r4-(4-(1 H-pyrrol-2- 
vlmethvl)piperazin-1-vlVphenvn-amide as a white powder (230 mg), 

m.p. : 156-158°C 

mass spec m/z : 547 (M+1). 
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from 6Tisopropyl-4Mrifluoromethyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)- 
amide (300 mg) and 1 H-pyrrole-2-carboxaldehyde (67 mg). 

I 

i 

Example 3 

4\6-DiisoproDvl-biphenvl-2-carboxvlic acid r4-(4-(3-(3- methvl-M ,2.41oxadiazol-5-yl)- 
benzvlVpiperazin-1-vO-phenvll-amide as a yellow powder (70 mg), 

m.p. : 150-1 52°C 

mass spec m/z : 614 (M+1) 

from 4 , ,6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (250 
mg) and 3-(3-methyl-[1 ,2,4]oxadiazol-5-yl)-benzaldehyde (1 07 mg). 

Example 4 « 

5- lsopropvl^'-triflubromethvl-biphenvl^-carboxvlic acid r4-(4>(3-(3-methyl- 
ri.2.41oxadiazol-5-vlVbenzvn-pipe'razin-1 : vlVDhenvn-amide as a powder (70 mg), 

m.p. : 172-174X 

mass spec m/z : 640 (M+1). 

from e-isopropyW^trifluoromethyl-biphenyl^-carboxylic acid (4-piperazin-1-yl-phenyl)- 

amide (300 mg) and 3-(3-methyl-[1 ,2,4]oxadiazol-5-yl)-benzaldehyde (1 32 mg). 

• '■.••••* . 

Example 5 

4-'.6-DfeoproDvl-biphenvl-2-carboxvlic acid r4-(4-thio Dhen-2-vlmethvl-piperazin-1 -yl>- 
phenvll-amide as a white powder ( 1 30 mg), 
m.p. :T50-15T°C ■ 

* 

mass spec m/z : 538(M+1 ). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and thiophene-2-carboxaldehyde (123 mg). 

Example 6 

6- lsopropyl-4Mrif luoromethyl-biphenvl-2-carboxvlic acid r4-(4 -propvl-piperazin-1 -vH- 
phenvll-amide as a pale yellow solid (86 mg), 

m.p. :176°C 

mass spec m/z : 510 (M+1). 

from 6-isopropyl-4'-trifluoromethyl -biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)- 
amide (267 mg) and propionaldehyde (40 mg). 
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Example 7 

4\6-Diisopropyl-biphenvl-2-carboxvlic acid r4^4-isobutvi-piperazin-1-vlVphenyl1-ami d e 
as a white solid (190 mg), 
m.p. : 135-137X 
mass spec m/z : 498 (M+1). 

from 4\6^diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (330 
mg) and 2-methyl-propionaldehyde (64 mg). 

Example 8 

10 4\6-Diisopropvl-biphenvl-2-carboxvlic acid r4-(4-fura n-2-vlmethvl-piperazin-1>ylV 

phenvll-amide as a white powder (320 mg), 

'., m.p.: 136-138°C 

mass spec m/z : 522 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
1 5 mg) and furan-2-carboxaldehyde (105 mg). 

Example 9 

4\6-Diisopropvl-biPhenv)-2-carboxvlic acid r4-(4-thiazol-2-vlmethvl-piperazin-1-ylV 
phenvll-amide as a beige solid (310 mg), 
20 * m.p. : 160-1 62°C 

mass spec m/z : 539 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and thiazoIe-2-carboxaldehyde (124 mg). "' 

25 

Example 10 

^.6-Diisopropyl-biphenvl-2-carboxvlic acid r4-(4-(5-bromo-furan- 2-vlmethvlVpiperazin- 
l-vlVphenvn-amide as a yellow powder (400 mg), 
m.p. : 138-140°C 
30 mass spec m/z : 601 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 5-bromo-furan-2-rarboxaldehyde (192 mg). 




Example 11 
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4 , .6-DiisQDroDvl-biDhenvl>2-carboxvlic acid f4-(4-(5-bromo-thien-2>vlme thvlVDiperazin>1- 
ylVDhenvll-amide as a powder (170 mg), 
m.p. : 158-160°C 
mass spec m/z : 617 (M+1). 
5 from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 5-bromo-thiophene-2-carboxaldehyde (210 mg). 

Example 12 

4 , .6-Diisopropyl-biphenvl-2-carboxvlic acid r4-f4-((2-methvl-thiazol-4-vnmethvn- 
1 0 piperazin-1 -vl Vphenvll-amide as a white powder (240 mg), 
m.p. : 110-112°C 

mass spec m/z : 553 (M+1). ■ 

from 4 , ,6-diisopropyl-biphenyl-2-carboxylicacid (4-piperazin-1-y!-phenyl)-amide (441 
mg)and 2-methyl-thiazole-4-carboxaldehyde (1 39 mg). 

15 

Example 13 

4\6-Diisopropvl-biphenvl-2-carboxvlic acid (4-f4-( 1 H-pyrazol-3-vlmeth vlVpiperazin-1 -vll- 
phenvll-amide as a white powder, (100 mg), 
m.p. : 166-168°C 
20 mass spec m/z : 522 (M+1). 

from «\6-diisopropyl-biphenyl-2^carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 1 H-pyrazole-3-carboxaIdehyde (105 mg). 

Example 14 

25 4'.6-Diisopropvl-biphenvl-2-carboxvlic acid r4-(4-thiophen-3-vlmet hvl-piperazin-1 -vh- 
phenvlVamide as a white powder (220 mg), 
m.p. :142-144°C 
mass spec m/z : 538 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylicacid (4-piperazin-1-yl-phenyl)-amide (441 
30 mg) and thiophene-3-carboxaldehytie (1 23 mg). 

« 

Example 1 5 

4 , .6-Diisopropyl-biphenvl-2-carboxvlic acid (4-f4-(3-methvl-1 H-pyrrol-2-vlmethyl)- 
piperazin-1 -vn-phenvl)-amide as a brown powder (30 mg), 
35 m.p. : 104-1 06°C 
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mass spec m/z : 535 (M+1). 

from 4',6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (440 
mg) and 3-methy!-1H-pyrrole-2-carboxaldehyde (110 mg). 

♦ 

Example 16 

4\6-Diisopropvl-biphenvl-2-carboxvlic acid (4-f4-(1-methvl-1 H -Pvrrol-2-vlmethvn- 

piperazin-1-vl1-Dhenvl)-amide as a white powder (130 mg), 

m.p. :166-168°C 

mass spec m/z : 535 (M+1). - 

from 4\6-diisopropyl-biphenyl-2-carbbxylic acid (4-piperazin-1-yl-phenyl)-amide (440 
mg) and 1 -methyl- 1 H-pyrrole-2-carboxaldehyde (120 mg). 

Example 17 

4 , .6-Diisopropvl-biphenvl-2-carboxvlicacid (444-(5-cvano-furan -2-vlmethvn-piperazin-1- 

vn-phenvD-amide as a white powder (230 mg), 

m.p. :140-142°C 

mass spec m/z : 547 (M+1 ). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (440 
mg) and 5-formyl-furan-2-carbonitrile (117 mg). 

Example 18 - * ssa - - 

B-lsopropyM-trifluoromethvl-biphenvl^-carboxvlic acid (4-r4 -(5-cvano-furan-2- 

vlmethvlVpiperazin-l-vn-phenvD-amide as a white powder (295 mg), 
m.p. :144°C 

mass spec m/z : 573 (M+1). 

from e-isopropyl^'-trifluoromethyl-biphenyl^-carboxylic acid (4-piperazin-1-yl-phenyl)- 
amide (350 mg) and 5-formyl-furan-2-carbonitrile (108 mg). 

Example 19 

4\6-Diisopropvl-biphenv)-2-carboxvlic acid r4-(4-propvl^piperazin>V vlVphenvlVamide 
To a stirred solution of 4\6-diisopropyl-biphenyl-2-rarboxylic acid (4-piperazin-1-yl- 
phenyl)-amide (441 mg) and cesium carbonate (390 mg) in acetone (30 mL) was added 
1-bromopropane (148 mg). The mixture was heated under reflux overnight and then 
poured into water. After extraction with CH 2 CI 2 , the organic phase was dried over 
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Na 2 SO, and evaporated under reduced pressure. The solid residue was crystallized 
from diisopropyl ether to give the title compound as a white powder (240 mg). 

■ 

m.p.: 130-131°C 

mass spec m/z : 484 (M+1). 

5 

Similarly prepared were ': 
Example 20 

^■G-DiisoproDVI-biDhenvl^-carboxvlicacicI r4-(4-isopropvl-p iperazin-1>vlVphenylVamide 
as a white powder (270 mg), 

i 

10 m.p.: 138-140°C 

* 

mass spec m/z : 484 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 2-brpmo-propane (148 mg). 

15 Example 21 

4'.6-Dnsopropvl-biphenvl-2-carboxvlic acid r4.(4-allvl-p.ip erazin-1-vlVphenvn-amide as a 

» 

white powder (60 mg), - 
m.p. : 148-150°C 
mass spec m/z : 482 (M+1). 
20 from 4\6-diisopropyl-biphenyi-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 

mg) affd allyl-bromide (145 mg). 
Example 22 

S-lsopropvM^trifluoromethvl-biphenvl^-carboxvlic a cid r4-(4-allvl-piperazin-1-vl> 
25 ohenvll-amide as a white powder (175 mg), 
m.p. :186°C 

mass spec m/z : 508 (M+1). 

from e-isopropyW-trifluoromethyl-biphenyl^-carboxylic acid (4-piperazin-1-yl-phenyl)- 
amide (350 mg) and allyl-bromide (108 mg). 

30 

« 

Example 23 

4\6-Diisopropvl-biphenvl-2-carboxvlic acid (4-f 4>(3-methvl-but-2>enylVpiperazin-1-vlV 
phenvll-amide as a white powder (120 mg), 
m.p. : 108-110°C 
35 mass spec m/z: 510 (M+1). 
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from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg)and 1-bromo-3-methyl-but-2-ene (164 mg). 

t 

Example 24 

4\6-Diisopropvl-biphenvl-2-carboxvlic acid M-M-cvclopropylme thyl-piperazin-l -vIV 

phenvll-amide as a white powder (20 mg), 

m.p.: 124-1 26°C 

mass spec m/z : 496 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441- 
mg) and bromomethyl-cyclopropane (148 mg). 

Example 25 

4'.6-Diisopropvl-biphenvl-2-carboxvlic acid (4-r4-(2- methoxv-ethvJVpiperazin-1 -yll- 

phenvlVamide as a white powder (190 mg), 

m.p. : 144-146°C 

mass spec m/z : 500 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxyIic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg)and 1-bromo-2-methoxy-ethane (152 mg). 

Example 26 

4\6-Diisopropvl-biphenvl-2-carboxvlic acid /444>(3.3.3-tr ifluoro-propylVpiperazin-1-vn- - 
phenvlVamide as a white powder (80 mg), 

m.p. : 154-1 56°C * 
mass spec m/z : 538 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 3-bromo-1 ,1 ,1-trifluoro-propane (195 mg). 

Example 27 

4 > .6-Diisopropvl-biphenvl-2-carboxvlic acid (4-r4-(2-h YdrQXV-ethvlVpiperazin-1-vlV 

phenvlVamide as a pale yellow solid (90 mg), 

m.p. : 162-164X 

mass spec m/z : 486 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 2-bromo-ethanol (138 mg). 
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* 

Example 28 

4'.6-Diisopropyl-biphenvl-2-carboxvlic acid r4-(4-car bamovlmethvl-piperazin-1-yl)- 

phenvll-amide as a white powder (1 40 mg), 

m.p. : 206-208°C 

mass spec m/z : 499 (M+1). 

from 4\6-diisopropyl-bip'henyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (300 
mg) and 2-bromo-acetamide (103 mg). • 

Example 29 

e^lsoDropvl^^trifluoromethvl-biphenvl^-carboxvlic acid r4-(4-carbamoylmethyl- 

pjperazin-1-vlVphenvn amide as a white powder (180 mg), 

m.p. : 180-1 82°C • 
mass spec rp/z: 525 (M+1). 

from e-isopropyl^'-trifluoromethyi-biphenyl^-carboxylic acid (4-piperazin-1-yl-phenyl)- 
amide (300 mg) and 2-bromo-acetamide (98 mg). 

i 

i 

Example 30 

4'.6-Diisopropvl-biphenvl-2-carboxv'lic acid r4-(4-meth vl-piperazin-1 -vIV phenyll-amide 

as a white powder (90 mg), 
m.p. : 140-14TC 

mass<specm/z:456(M+1). . -- ,±_ 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 

mg) and methyl iodide (171 mg). 

Example 31 ' - 

^.S-Diisopropvl-biphenvl^-carboxvlicacid r4-(4-(c vano-methvlVpiperazin-1-vl)-phenyl1- 

amide as a beige solid (165 mg), 

m.p. : 220-221 °C 

mass spec m/z : 481 (M+1 ). 

from 4 , ,6-diisopropyl-biphenyl-2-carboxylicacid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and chloro-acetonitrile (91 mg). 

Example 32 

4\6-Diisopropvl-biphenvl-2-carboxvlic acid r4-f4- fithoxvcarbonvlmethvl-piperazin-1-vlV 
phenvll-amide as a beige solid (200 mg), 
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m.p. ; 166-168°C 

mass spec m/z : 528 (M+1). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and bromo-acetic acid ethyl ester (200 mg). 

5 

Example 33 

4\6-Diisopropyl-biphenvl-2-carboxvlic acid r4-r4>(Dvridin-2- vlmethvn-piperazin-1-vlV 
phenvll-amide as a pale yellow solid (330 mg), 
m.p. :160-161°C 
1 0 mass spec m/z : 533 (M+1 ). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yi-phenyl)-amide (441 
mg) and 2-chloromethyl-pyridine hydrochloride (197 mg). 

Example 34 

« 

15 4\6-Diisopropvl-biphenvl-2-carboxvlic acid r4-(4-(pvridin-3-vlme thvlVpiperazin>1-vlV 
phenvll-amide as a pale yellow solid (270 mg), 
m.p. : 196-1 98°C 
mass spec m/z : 533 (M+1 ). 

from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
20 mg) and 3-chloromethyl-pyridine hydrochloride (197 mg). 

f 

■ i 

i 

Example 35 

4 , .6-Diisopropyl-biphenvl-2-carboxvlic acid r4-(4-(pvridin-4-vlmethvlV piperazin-1-vlV 
phenvll-amide as a pale yellow solid (1 50 mg), 
25 m.p. : , 132-1 34°C 

mass spec m/z : 533 (M+1). 

from 4 , ,6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 4-chloromethyl-pyridine hydrochloride (197 mg). 

30 Example 36 • 

4 , .6-Diisopropvl-biphenvl-2-carboxvlic acid r4-(4-(3-fluo robenzvlVpiPerazin-1-vn- 

phenvll-amide as a white powder (220 mg), 

m.p. : 124-125°C 

mass spec m/z : 550 (M+1). 
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from 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)-amide (441 
mg) and 3-fluoro-benzyl bromide (230 mg). 

Example 37 

4 , .6-Diisopropvl-biphenvl-2-carboxvlic acid r4-(4-(3-cvano-benzv lloiperazin-1 -vh- 
phenvll-amide 

To a stirred solution of 4-[4-(3-cyano-benzyl)-piperazin-1-yl]-phenylamine (150 mg), 
4\6<Hisopropyl-biphenyl-2-rarboxylic acid (141 mg), HOBt (87 mg), and Et 3 N (64 mg) 
in CH 2 CI 2 (10 mL) was added at room temperature EDCI (124 mg) and the mixture was 
stirred at room temperature for 16 hours. The organic solution was then washed with 
water, with a saturated solution of NaHC0 3 and dried over Na 2 S0 4 . After filtration and 
evaporation of the filtrate, the oily residue was purified by flash chromatography eluting 
with CH 2 CI 2 /MeOH (98/2) and crystallized from MeOH to give the title compound (140 
mg) as white crystals, 
m.p. : 156-158°C 
mass spec m/z :557 (M+1). 

Similarly prepared were : 
Example 38 

e-lsopropvM'-trifiuoromethvl-biphenvl^-carboxvlic acid r4-(4 -(3-cvano-benzvlV 
pjperazin-1 -vl V phenvll-amide as a white solid (90 mg), 
m.p. :100°C 

mass spec m/z : 583 (M+1). 

from eHSopropyW-trifluoromethyl-biphenyl^-carboxylicacid (154 mg) and 4-[4-(3- 
cyano-benzyl)-piperazin-1-yl]-phenylamine (150 mg). 

Example 39 

6-Fluoro-4^sopropyl-biphenvl-2-carboxvlic acid f4>(4-f3-cvano- benzvlVpiperazin-1-vl)- 

phenvll-amide as a white solid (160 mg), 

m.p. : 163-165°C 

mass spec m/z : 533 (M+1). 

from 6-fluoro-4'-isopropyl-biphenyl-2-carboxylic acid (130 mg) and 4-[4-(3-cyano- 
benzyl)-piperazin-1-yl]-phenylamine (150 mg). 



I 
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Example 40 

6-Fluoro-4MrifluoromethvUbiDhenvl-2-carboxvlic ac id f4-(4-(3-cvano-benzvl)-piperazin- 
1-vlVphenvn-amide as a white solid (200 mg), 
m.p. : 201-203°C 

5 mass spec m/z : 559 (M+1). 

from 6-fluoro-4'-trifIuor6methyl-biphenyl-2-carboxylic acid (142 mg) and 4-[4-(3-cyano- 

benzyl)-piperazin«1-y!]-phenylamine (150 mg). 
Example 41 

10 S-Chloro^^isopropvl-biphenvl^-carboxvlic acid r4-(4-(3-cvano-b enzvlVDiperazin-1 -vlV 
phenvll-amide as a white solid (400 mg), 
m.p. :1 99-201 °C 
mass spec m/z : 550 (M+1). 

from 6-chloro-4'-isopropyl-bipheriyl-2-carboxyiic acid (274 mg) and 4-[4-(3-cyano- 

■ 

1 5 benzyl)-piperazin-1 -yi]-phenylamine (292 mg). 

i 

* 

Example 42 

4 > -lsopropvl-6-trifluoromethvl-biphe'nvl-2-c'arboxvlic acid r4-(4-(3-cvano-benzvn- 
piperazin-1-vlVphenvll-amide as a white solid (190 mg), , 
20 m.p. :145-147°C 

masstepec m/z : 583 (M+1). 

from 4'-isopropyl-6-trifluoromethyl-biphenyl-2-carboxylic acid (154 mg) and 4-[4-(3- 
cyano-benzyl)-piperazin-1-yl]-phenylamine (150 mg). 

> 

25 Example 43 * 

e-lsopropvM^trifluoromethvl-biphenvl^-carboxvlic acid r4-(4-methvl-piperazin-1 -vll 

phenvll-amide as a white solid (130 mg), 
m.p. : 168°C 

mass spec m/z : 482 (M+1). 
30 from e-isopropyM'-trifluoromethyl-biphenyl^-carboxylic acid (268 mg) and 4-(4- 
methyl-piperazin-1-yl)-phenylamine (200 mg). 



Example 44 

4 , ,6-Diisopropyl-biphenvl-2-carboxvlic acid r4-(4-acetvl-piperazin-1 -vO-phenvll-amide 
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, To a stirred solution of 4 , ,6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl- 
i phenyl)-amide (441 mg) in CH 2 CI 2 (15 mL) containing Et 3 N (111 mg) was added 
dropwise acetyl bromide (135 mg) and the mixture was stirred at room temperature for 
16 hours. The solution was then washed with water, with brine, dried over Na 2 S0 4l 
5 filtered and evaporated. The residue was then purified by flash chromatography eluting 
with CH 2 CI 2 /MeOH (95/5) and crystallized from pentane to give the title compound (300 
mg) as a white powder, 
m.p. : 222-224X. 
mass spec m/z : 484 (M+1). 

10 

Example 45 

4 > ,6-Diisopropvl-biphenvl-2-carboxvlic acid r4-(4-methanesulfonvl-piperazin-1-vl)- 
phenvll-amide 

To a solution of 4\6-diisopropyl-biphenyl-2-carboxylic acid (4-piperazin-1-yl-phenyl)- 
15 amide (441 mg) in CH 2 CI 2 (10 mL) containing Et 3 N (111 mg) was added 
methanesulfonyl chloride (126 mg) and the mixture was stirred at room temperature for 
16 hours. The solution was washed with water, with brine and dried over Na 2 S0 4 , 
filtered and evaporated. The residue was then purified by flash chromatography eluting 
with CH 2 CI 2 /MeOH (95/5) and crystallized from pentane to give the title compound (370 
20 mg) as a white powder, 
m.p. : 260-262°C. 
mass spec m/z : 520 (M+1). 

Example 46 

25 4\6-Diisopropy)-biphenvl-2-carboxvlic acid r4-(4-hvdroxvcarbonvlmethvl-piperazin-1 -vl)- 
phenvll-amide 

To a solution of 4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-ethoxycarbonyl methyl- 
piperazin-1-yl)-phenyl]-amide (259 mg) in EtOH (20 mL) was added a 1N solution of 
NaOH (1 mL) and the mixture was heated under reflux for 3 hours. The solution was 
30 then cooled and neutralized with a 1N solution of HCI (1 mL) and the precipitate was 
filtered and dried to give the title compound (180 mg) as a powder, 
m.p. : 122°C. 

Biological Data 



35 



t 



WO 03/048121 , PCT/EP02/13592 

# 

• i 

34 

Examples of the invention were tested in vitro, using the biological assays described 
below. All of the compounds had an IC50 value of 0.2 nM or below in the MTP assay. 

* 

Biological Assay 

5 

ApoB-1 00 Assay 

Primary human hepatocytes were seeded at 50 000 cells/well in 96 well plates. After an 
overnight adhesion phase, cells were incubated with compounds for 8 hours in RPMI 
medium containing 1% FCS, 4 pg/ml insulin, 100 nM dexamethasone and 50 pCi/ml 

10 35 S-methionine. Compounds were dissolved in DMSO and tested onto cells from 1 pM 
to 1.6 nM. Production of radiolabeled apoB-100 and apoA-1 (used as a selectivity 
control) was quantified by analysis of supernatants using SDS PAGE and exposure of 
gels onto Phosphdrlmager screens. Inhibition of apoB-100 and apoA-1 secretion by 
compounds was calculated taking untreated cells as controls, and IC50 of each 

15 compound was determined on both apoproteins. 

MTP Assay 

» 

The human MTP activity assay was established using SPA technology. Donor 
liposomes were prepared with 3H-triolein and phosphatidylcholine, while acceptor 
20 liposomes contained biotinylated phosphatidylethanolamine and phosphatidylcholine. 
The M^P-mediated 3H-triolein transfer onto acceptor liposomes was allowed by a 25 
min incubation at 37°C, and quantified by the addition of streptavidin-SPA beads. 
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Claims 

1 . A compound of formula (I); 




wherein 

R 1 represents isopropyl or trifluoromethyl, 

R 2 represents isopropyl, chloro, fluoro or trifluoromethyl, 

R 3 represents Chalky!, C 2 ^alkenyl, C 3 - 7 cycloalkyl, C^alkylsulfonyl, C^acyl or -CH 2 -R 4 ; 
R 4 represents: 

(i) phenyl, optionally substituted by cyano, fluoro or an optionally substituted 5- 
mernbered heteroaromatic group, where optional substitution is effected by Ci_ 
4 alkyl or C^perfluoroalkyl, 

(ii) a 5 or 6 membered heteroaromatic group, optionally substituted by halogen, 
cyano, C^alkyl, C^alkoxy or C^cycloalkyl, 

(iii) C^cycloalkyl, 

(iv) cyano, 

(v) hydroxycarbonyl, C^alkoxycarbonyl, aminocarbonyl, C^alkylaminocarbonyl, 
4 dialkylaminocarbonyl, 

(vi) C^alkoxyC^alkyl, hydroxyC^alkyl or 

(vii) trifluoromethylCi^alkyl; 

or a physiologically acceptable salt, solvate or derivative thereof. 

2. A compound of formula (I) according to claim 1, wherein R 1 represents isopropyl, or 
a physiologically acceptable salt, solvate or derivative thereof. 



t 
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3. A compound of formula (I) according to claim 1 or claim 2, wherein R 2 represents 
isopropyl or trifluoromethyl, or a physiologically acceptable salt, solvate or derivative 
thereof. 

5 4. A compound of formula (I) according to any one of claims 1 to 3, wherein R 4 
represents: 

viii) phenyl, optionally substituted by cyano, fluoro or an optionally substituted 5- 
membered heteroaromatic group; 

ix) a 5- or 6- membered heteroaromatic group; optionally substituted by halogen, 
10 cyano or Chalky!; 

x) Q3-7cycloalkyl, 

xi) .cyano, ( 

xii) C^alkoxycarbonyl, hydroxycarbonyl, aminocarbonyl, 

xiii) C^alkoxymethyl, hydroxyC^alkyi, or 

* 

15 xiv) trifluoromethylC^alkyl; 

or a physiologically acceptable salt, solvate or derivative thereof. 

5. A compound of formula (I) adcording to any one of claims 1 to 4, wherein R 3 

* 

represents methyl, propyl, isopropyl, isobutyl, propen-2-yl, methoxymethyl, 
20 hydroxyethyl, phenylmethyl substituted by 3-cyano or 3-(3-methyl-[1 ,2,4]oxadiazol-5-yl), 
or an^pptionally substituted pyrrolylmethyl, thienylmethyl or furanylmethyl group, where 
optional substitution is effected by methyl or cyano; or a physiologically acceptable salt, 
solvate or derivative thereof. 

■ 

25 6. A compQund of formula (I) according to any one of claims 1 to 5, wherein the 
compound of formula (I) is represented by a formula (la) 




wherein 



30 
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R 1 represents isopropyl or trifluoromethyl, 

R 3 represents d^alkyl, C 2 ^alkenyl, acetyl, methylsulfonyl or -CH 2 -R 4; 

R 4 represents aminocarbonyl, cyano, ethoxycarbonyl, hydroxycarbonyl, d. 
4 alkoxymethyl, trifluoromethylCi^alkyl, C^cycloalkyl, phenyl substituted by 3-fluoro, 3- 
cyano or 3-(3-methyI-[1,2,4]oxadiazol-5-yl), or a 5- or 6- membered heteroaromatic 
group, optionally substituted by bromo, methyl or cyano; or a physiologically acceptable 
salt, solvate or derivative thereof. 

* 

7. A compound of formula (I) according to any one of claims 1 to 5 wherein the 
compound of formula (I) is represented by a formula (lb) 




wherein 

R 3 represents C^alkyl ,C 2 ^alkenyl or -CH 2 -R 4 ; and 

R 4 represents phenyl substituted by 3-cyano or 3-(3-methyl-[1,2,4]oxadiazol-5-yl), or a 

5- membered heteroaromatic goup selected from pyrrolyl, thienyl, furanyl, thiazolyl and 
pyrazolyl, optionally substituted by halogen, methyl or cyano; or a physiologically 
acceptable salt, solvate or derivative thereof. 

8. A compound of formula (I) according to claim 1, selected from the group 
comprising : 

4'-isopropyl-6-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-(3-cyano-benzyl)- 
piperazin-1-yl)-phenyl]-amide; 

6- isopropyM'-trifluoromethyl-biphenyl-2-carboxylic acid [4-(4-(3-cyano-benzyl)- 
piperazin-1 -yl)-phenyl]-amide; 

6-lsopropyl-4Mrifluoromethyl-biphenyl-2-carboxylic acid {4-[4-(5-cyano-furan-2- 
ylmethyl)-piperazin-1-yl]-phenyl}-amide; 
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4\6-diisopropyl-biphenyI-2-carboxyIic acid [4-(4-(3-cyano-benzyl)-piperazin-1-yl)- 
phenylj-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(1 H-pyrrol-2-ylmethyl)piperazin-1-yl)- 
phenyl ]-amide; 

5 4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((thien-3-yl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((furan-2-yl)methyl)-piperazin-1- 
yl)phenyl]-amide; 

4',6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-((5-cyano-furan-2-yl)methyl)-piperazin- 
10 1-yl)phenyl]-amide; 

4\6-diisppropyl-biphenyl-2-carboxylic acid [4-(4-methyl-piperazin-1-yl)-phenyl]- 
amide; 

4',6-diisopropyI-biphenyl-2-carboxylic acid [4-(4-propyl-piperazin-1-yl)-phenyl]-amide; 
4',6-diisopr6pyl-biphenyl-2-carboxylic acid [4-(4-isopropyl-piperazin-1-yl)-phenyl]-amide; 
1 5 4\6-Diisopropyl-biphenyl-2-carboxylic acid [4-(4-isobutyl-piperazin-1 -yl)-phenyl]-amide; 
4\6-diisopropyl-biphenyl-2-carboxylic acid [4-(4-(propen-2-yl)-piperazin-1-yl)-phenyl]- 
amide; 

4 , ,6-diisopropyl-biphenylT2-carboxyiic acid [4-(4-(2-methoxyethyI)-piperazin-1 -yl)- 
phenyl]-amide; - 

» 

20 4\6-Diisopropyl-biphenyl-2-carboxylic acid {4-[4-(2-hydroxyethyl)-piperazin-1 -yl]- 

phen^i}-amide; * 
or a physiologically acceptable salt, solvate or derivative thereof. 

9. An intermediate of formula (III) 

25 




wherein U is OH, R 1 is isopropyl or trifluoromethyl and R 2 is chloro, fluoro, isopropyl or 
trifluoromethyl. 

30 
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'10. A compound of formula (I) or a physiologically acceptable salt or solvate thereof 



* according to any one of claims 1 to 8 for use in therapy. 

■ 

5 11. Use of a compound of formula (I) or a physiologically acceptable salt or solvate thereof 
according to any one of claims 1 to 8 in the preparation of a medicament for use in the 
treatment of conditions ameliorated by an apoB-100 and/or MTP inhibitor. 

12. Use of a compound of formula (I) according to claim 7, or a physiologically acceptable 
10 salt or solvate thereof, for use in the preparation of a medicament for the treatment of 

atherosclerosis, pancreatitis, non-insulin dependant diabetes mellitus (NIDDM), coronary 
heart diseases and obesity. 

13. A method of treating a mammal comprising administration of an effective amount of a 
15 compound of formula (I) according to any one of claims 1 to 8, or a physiologically 

acceptable salt or solvate thereof in the treatment of conditions ameliorated by an apoB-100 
and/or MTP inhibitor. 

14. A pharmaceutical composition comprising at least one compound of formula (I) 
20 according to any of claims 1 to 8, or a physiologically acceptable salt or solvate thereof 

together with one or more pharmaceutical^ acceptable carriers or excipients. 

15. A process for the preparation of a compound of formula (I) or a physiologically 
acceptable salt or solvate thereof comprising reacting a compound of formula (II) with a 

25 compound of formula R 3 -L 
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where L represents a suitable halide leaving group under standard displacement 
conditions, or L may additonally represent a hydroxy group, the reaction being effected 
under standard acid and amine coupling' conditions. 
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